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Abstract 
For realizing to the triboelectrostatic separation of mineral matters from cleaned coal with density of <1.35 g/cm3, the quartz, 
kaolin and pyrite are pulverized to less than 75 ȝm and mixed according to various proportions, then fed to a triboelectrostatic 
separator. The material adhere to electrodes are divided to three subsection samples. The samples are analyzed with XRF, sulphur 
and ash analyzer. A quantity of quartz of 69.31%-71.27%, kaolin of 75.66%-81.93%, pyrite of 86.74%-90.52% could be 
removed under the same conditions. The results indicate that in the process of triboelectrostatic separation, coal would charged 
positively and quartz, kaolin, pyrite, calcite would charged negatively. Coal and these mineral matters could be separated 
effectively. 
    
hÉóïçêÇëW=Triboelectrostatic beneficiation; fine coal; mineral; X-ray fluorescence 
1. Research methods and sample preparation 
As an advanced dry fine coal cleaning technology, the triboelectrostatic beneficiation can effectively process fine 
coal of less than 74 ȝm. Triboelectrostatic separating the associated minerals from coal is based on the difference of 
work function and conductance of minerals and coal. The triboelectrostatic washability of removing different 
mineral varies according to the different work function. For studying the rule of triboelectrostatic separation of 
mineral matters from coal and boosting the application of triboelectrostatic separation in the field of producing ultra-
clean coal, the triboelectrostatic separation of quartz, kaolin and pyrite from cleaned coal was researched in detailed. 
 
∗ Corresponding author. Tel.: +86-516-83884497; fax: +86-516-83884497. 
bJã~áä=~ÇÇêÉëëW=zhangxinxi@126.com. 
187 -  © 2009 Published by Elsevier B.V. 
doi:10.1016/j.pro .2009.09.132
8 5220
eps
Procedia Earth 
and Planetary 
Science 
Open access under CC BY-NC-ND license.
=NKNK oÉëÉ~êÅÜ=ãÉíÜçÇë=
The mixture of cleaned coal and various single mineral is fed to triboelectrostatic separator. We sample and 
analyse the adsorbate from electrode plate in section, evaluate the separation effect and analysis removal rule of 
material with two evaluation guideline of yield and ash(or sulphur) content, especially every first section clean coal 
are analysed with X-ray fluorescence analyzer to make sure the mineral content . 
NKOK p~ãéäÉ=mêÉé~ê~íáçå=
The cleaned coal sample which density is <1.3 g/cm3, is from the float in the dense medium. The raw coal was 
comminuted to <75 ȝm size to liberate associated minerals. The cleaned coal sample was analysed with Venus200 
X-ray fluorescence analyzer (Cr target, 50 kV, 4 mA), the composing and mineral contents are shown in Table 1. 
Table 1. XPF result of cleaned coal sample 
Composing Na2O MgO Al2O3 SiO2 St K2O CaO TiO2 Fe2O3 C 
Content (%) 0.006 0.078 1.424 1.981 0.932 0.046 0.105 0.318 0.341 94.776 
Mineral samples used for the experiments are analytical pure quartz, kaolin and pyrite grinded to less than 75 ȝm. 
Every mineral sample proportionally mixed with cleaned coal sample (ȡ<1.3 g/cm3) to get the final test samples 
presented in Table 2.  
Table 2. Composing and content of minerals in samples 
Sample  Mineral Content (%) Sample  Mineral Content (%) Sample   Mineral Content (%) 
A1 quartz 5% B1 kaolin 5% C1 pyrite 5% 
A2 quartz 10% B2 kaolin 10% C2 pyrite 10% 
A3 quartz 15% B3 kaolin 15% C3 pyrite 15% 
2. Experimental equipment and its operating principle 
The main parts of equipment are shown in Figure 1, sample is fed to 
tribocharger with air, in which clean coal and mineral impact sufficiently 
and then be electrified with negative and positive charge respectively, 
The charged fine particles are injected into high-tension electrostatic field 
separation chamber, pure coal and mineral are attracted by the opposite 
electrode plate and move toward the corresponding pole plate and form 
the clean coal and the tailings.     
In order to well and truly analyze the mineral removal rule, we sample 
and analyse the adsorbates from electrode plate in section, the sampling 
rule is shown in Fig.1.  
3. Results and discussion 
PKNK qêáÄçÉäÉÅíêçëí~íáÅ=ëÉé~ê~íáçå=çÑ=ãáñíìêÉ=çÑ=ÅäÉ~åÉÇ=Åç~ä=~åÇ=èì~êíò=
Tables 3-5 show the triboelectrostatic separation result of samples of A1, A2, A3. The experiment conditions were 
as follows: air flux of 50 m3/h, voltage of 40 kV. We can see that coal would charge positively and quartz would 
charge negatively in triboelectrostatic separation process. In the condition of maintain the position of splitter, the 
yield and ash of clean coal increase and the yield of middle coal decrease along with the proportion of quartz in 
sample increase, the main rise of clean coal yield attribute to the increase of the first section, because of the increase 
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of quartz in fed sample result in a good effect of tribocharge between clean coal and quartz because of the increase 
of impact opportunity between clean coal and quartz.  
A quantity of 69.31%-71.27% of ash (include quartz and minerals associated in cleaned coal sample) could be 
removed with the same condition. 
Table 3. Triboelectrostatic separation result of samples A1 
No. of sample 
Clean coal Tailing Middle coal 
Yield (%) Ash (%) Yield (%) Ash (%) Yield (%) Ash (%) 
1 
2 
3 
9. 84 
27. 87 
6. 56 
4. 87 
4. 93 
7. 21 
9. 84 
26. 23 
6. 56 
13. 43 
9. 77 
10. 19 
4. 92 
8. 20 
- 
7. 79 
10. 19 
- 
Total 44. 26 5. 25 42. 62 10. 68 13. 11 9. 29 
             Note: removal of mineral: 71.27% 
 
Table 4. Triboelectrostatic separation result of samples A2 
No. of sample 
Clean  coal Tailing Middle  coal 
Yield (%) Ash (%) Yield (%) Ash (%)  Yield (%) Ash (%) 
1 
2 
3 
17. 32 
26. 77 
7. 09 
6. 74 
7. 34 
10. 63 
9. 45 
22. 05 
7. 09 
27. 84 
18. 61 
11. 46 
4. 72 
5. 51 
- 
12. 56 
12. 68 
- 
Total 51. 18 7. 59 38. 58 19. 56 10. 24 12. 62 
Note: removal of mineral: 69.31% 
Table 5. Triboelectrostatic separation result of samples A3 
No. of sample 
Clean coal Tailing Middle coal 
Yield (%) Ash (%) Yield (%) Ash (%) Yield (%) Ash (%) 
1 
2 
3 
32. 12 
21. 17 
2. 92 
7. 99 
10. 30 
10. 87 
18. 25 
17. 52 
3. 65 
40. 22 
20. 66 
12. 02 
2. 02 
2. 36 
- 
9. 67 
9. 75 
- 
Total 56. 20 9. 01 39. 42 28. 92 4. 38 9. 71 
Note: removal of mineral: 70.01% 
Table 6. XRF analysis result of every first section of group A (%) 
Sample Na2O MgO Al2O3 SiO2 St K2O CaO TiO2 Fe2O3 C 
Clean coal 1 of A1 0.009 0.045 1.099 3.621 0.872 0.039 0.130 0.221 0.173 95.434 
Clean coal 1 of A2 0.009 0.049 1.083 5.317 0.865 0.039 0.093 0.276 0.271 91.999 
Clean coal 1 of A3 0.010 0.041 1.054 5.828 0.854 0.035 0.077 0.256 0.292 91.552 
 
Table 6 gives the XRF analysis result of first section samples of A1, A2 and A3. If we compare Table 6 with Table 
1, we can see that about 70% of total quartz (include original associated in cleaned coal sample and artificial add 
quartz) can be removed, meanwhile Al2O3 , St etc. can also be removed some from cleaned coal sample. 
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Kaolin is an another kind of familiar associated mineral in coal, the separation results of sample B1, B2 and B3 are 
shown in Tables 7-10.  
Table 7. Triboelectrostatic separation result of samples B1 
No. of sample 
Clean coal Tailing Middle coal 
Yield (%) Ash (%) Yield (%) Ash (%) Yield (%) Ash (%) 
1 
2 
3 
20. 47 
25. 20 
6. 30 
2. 30 
4. 77 
6. 28 
14. 17 
20. 47 
6. 30 
25. 29 
8. 18 
7. 36 
7. 09 
- 
- 
9. 95 
- 
- 
Total 51. 97 3. 98 40. 94 13. 98 7. 09 9. 95 
Note: removal of mineral: 75.66% 
Table 8. Triboelectrostatic separation result of samples B2 
No. of sample Clean coal Tailing Middle coal 
Yield (%) Ash (%) Yield (%) Ash (%) Yield (%) Ash (%) 
1 
2 
3 
26. 77 
26. 77 
3. 94 
3. 00 
4. 80 
7. 68 
14. 17 
17. 32 
4. 72 
44. 14 
20. 51 
9. 43 
6. 30 
- 
- 
9. 32 
- 
- 
Total 57. 48 4. 16 36. 22 38. 31 6. 30 9. 32 
Note: removal of mineral: 81.93% 
Table 9. Triboelectrostatic separation result of samples B3 
No. of sample 
Clean coal Tailing Middle coal 
Yield (%) Ash (%) Yield (%) Ash (%) Yield (%) Ash (%) 
1 
2 
3 
25. 40 
26. 19 
4. 76 
4. 67 
7. 85 
11. 84 
14. 29 
18. 25 
4. 76 
55. 82 
27. 31 
15. 38 
6. 35 
- 
- 
13. 94 
- 
- 
Total 56. 35 6. 75 37. 30 36. 71 6. 35 13. 94 
Note: removal of mineral: 79.30% 
Table 10. XRF analysis result of every first section of group B (%) 
      Sample Na2O MgO Al2O3 SiO2 St K2O CaO TiO2 Fe2O3 C 
Clean coal 1 of B1 0.008 0.067 1.365 1.993 0.874 0.041 0.091 0.305 0.322 94.933 
Clean coal 1 of B2 0.007 0.071 1.674 2.190 0.862 0.044 0.090 0.301 0.305 94.455 
Clean coal 1 of B3 0.009 0.090 2.264 2.786 0.854 0.050 0.096 0.305 0.308 93.237 
 
From the comparing the separation result of group B with that of group A and comparing the data of Table 10 
with that of Table 1, we can see that kaolin is easier to be removed then quartz in triboelectrostatic separation 
process. 75.66%-81.93% of kaolin has been removed. 
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The environmental problems of the power station stand out increasingly with the speedy development of the 
power-generation industry. The discharge of SO2 mainly attribute to combustion of raw-coal in power station in 
China. Desulfurization of coal used in the power station has become one of the studying hotspots; pyrite could be 
removed by physical method such as dry triboelectrostatic separation.  
Samples C1, C2 and C3 are separated with the same condition, the test results are shown in Tables 11-14.  
Table 11. Triboelectrostatic separation result of samples C1 
No. of sample 
Clean  coal Tailing Middle  coal 
Yield (%) St,ad (%) Yield (%) St,ad (%) Yield (%) St,ad (%) 
1 
2 
3 
16. 13 
24. 19 
6. 45 
0. 79 
0. 99 
1. 12 
12. 90 
19. 35 
6. 45 
3. 15 
2. 75 
1. 20 
7. 26 
7. 26 
- 
11. 06 
14. 52 
- 
Total 46. 77 0. 94 38. 71 2. 63 14. 52 12. 79 
Note: removal of mineral: 86.74% 
Table 12. Triboelectrostatic separation result of samples C2 
No. of sample 
Clean  coal Tailing Middle  coal 
Yield (%) St,ad (%) Yield (%) St,ad (%) Yield (%) St,ad (%) 
1 
2 
3 
24. 19 
20. 97 
3. 23 
0. 93 
1. 42 
1. 62 
17. 74 
14. 52 
3. 23 
6. 28 
5. 98 
1. 81 
7. 56 
8. 57 
- 
19. 38 
23. 15 
- 
Total 48. 39 1. 19 35. 48 5. 75 16. 13 21. 38 
Note: removal of mineral: 90.52% 
Table 13. Triboelectrostatic separation result of samples C3 
No. of sample 
Clean  coal Tailing Middle  coal 
Yield (%) St,ad (%) Yield (%) St,ad (%) Yield (%) St,ad (%) 
1 
2 
3 
19. 05 
22. 22 
6. 35 
1. 17 
1. 68 
2. 24 
11. 11 
14. 29 
4. 76 
8. 82 
7. 64 
2. 61 
9. 52 
12. 70 
- 
20. 46 
26. 05 
- 
Total 47. 62 1. 55 30. 16 7. 28 22. 22 23. 65 
Note: removal of mineral: 90.98% 
Table 14.  XRF analysis result of every first section of group C %! 
Sample Na2O MgO Al2O3 SiO2 So K2O CaO TiO2 FeS2 C 
Clean coal 1 of C1 0.006 0.060 1.145 1.586 0.447 0.039 0.093 0.302 0.349 95.516 
Clean coal 1 of C2 0.003 0.054 1.071 1.495 0.494 0.036 0.105 0.078 0.509 95.512 
Clean coal 1 of C3 0.004 0.064 1.084 1.545 0.408 0.038 0.091 0.292 0.703 95.168 
In this experiment group 86.74%-90.98% of minerals could be removed, if we only examine the removal of 
pyrite, we can see from the test data that pyrite would be removed effectively. To the samples of clean coal 1 of C1 
and clean coal 2 of C1, the added pyrite were absolutely removed compare with the original sulfur(St) content in 
cleaned coal sample(see Table 1) with the condition of a high proportion of 5% pyrite mixed in sample C1. From 
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It would be noticed that most pyrite fall into middle coal, because pyrite is a good conductor which can easily 
leak electric charge after the impact. On the other hand the density of pyrite is three times as that of cleaned coal. 
For the same cubage particles of cleaned coal and pyrite, the specific charge of pyrite is only one third of that of 
cleaned coal even when they get the same quantity of electricity, so pyrite particle affected by a smaller electric field 
force will move a little towards electrode plate. With the compositive influence of gravity, the pyrite will subside to 
the bottom of separation room. 
4. Conclusions 
The quartz, kaolin and pyrite can be removed effectively by triboelectrostatic separation from coal. The kaolin 
and pyrite are easier to be removed than quartz. The effect of tribocharge of minerals and cleaned coal can meet the 
demand of practical triboelectrostatic separation process. It’s significent to study the separation of samples which 
have more than two kinds of minerals. 
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